We present a multiwavelength study of 28 Galactic massive star-forming H ii regions. For 17 of these regions, we present new distance measurements based on Gaia DR2 parallaxes. By fitting a multicomponent dust, blackbody, and power-law continuum model to the 3.6 µm through 10 mm spectral energy distributions, we find that ∼34% of Lyman continuum photons emitted by massive stars are absorbed by dust before contributing to the ionization of H ii regions, while ∼68% of the stellar bolometric luminosity is absorbed and reprocessed by dust in the H ii regions and surrounding photodissociation regions. The most luminous, infrared-bright regions that fully sample the upper stellar initial mass function (ionizing photon rates N C ≥ 10 50 s −1 and dust-processed L TIR ≥ 10 6.8 L ) have on average higher percentages of absorbed Lyman continuum photons (∼51%) and reprocessed starlight (∼82%) compared to less luminous regions. Luminous H ii regions show lower average PAH fractions than less luminous regions, implying that the strong radiation fields from early-type massive stars are efficient at destroying PAH molecules. On average, the monochromatic luminosities at 8, 24, and 70 µm combined carry 94% of the dust-reprocessed L TIR . L 70 captures ∼52% of L TIR , and is therefore the preferred choice to infer the bolometric luminosity of dusty star-forming regions. We calibrate SFRs based on L 24 and L 70 against the Lyman continuum photon rates of the massive stars in each region. Standard extragalactic calibrations of monochromatic SFRs based on population synthesis models are generally consistent with our values.
INTRODUCTION
Dust plays several prominent roles in the physics of the interstellar medium (ISM) and star formation. Dust absorbs ultraviolet (UV) radiation emitted by young stars. This absorbed UV radiation is re-emitted at infrared (IR) wavelengths, cooling the dust and also cooling the gas via collisions with dust grains (Draine 1978; Dwek 1986; Hollenbach & Tielens 1997) . Studies of nearby star-forming galaxies suggest that, on average, nearly half of emitting starlight is reprocessed by dust (Draine 2003; Tielens et al. 2005) , and the thermal infrared (IR) emission from dust grains dominates the 10-100 µm spectral energy distributions (SEDs) of galaxies.
Dust is an important tracer of star formation activity and provides an indirect measure of the star formation rate (SFR) in external galaxies. The bolometric, thermal IR luminosity (L TIR ) is one of the most reliable tracers of dust-obscured star formation (Kennicutt 1998; Pérez-González et al. 2006; Kennicutt et al. 2009; Kennicutt & Evans 2012) . H ii regions are locations of recent, active star formation, where massive OB stars emit ionizing UV photons that can interact with the surrounding dust or escape into ISM. H ii regions are generally composed of multiple different components, including the central ionizing cluster(s) of OB stars, a surrounding photodissociation region (PDR), and the remnants of the giant molecular cloud from which the star cluster(s) formed. H ii regions are frequently seen in close proximity to one another, sometimes so much so that their components overlap. It is therefore common to regard H ii regions more generally as star-forming regions within a galaxy.
In general, star formation in the Milky Way cannot be studied using the same observational techniques as external galaxies (Chomiuk & Povich 2011) . Sight-lines through the Galactic disk suffer very high extinction, so SFR diagnostics that depend upon optical/UV observational tracers (in particular, Hα) cannot be applied.
Distances to Galactic H ii regions are often highly uncertain, and confusion arises from multiple star forming regions overlapping along a given line of sight. However, mid-and far-IR SFR tracers can be applied to Galactic and extragalactic regions (Calzetti et al. 2007 Li et al. 2010 Li et al. , 2013 Stephens et al. 2014; Vutisalchavakul & Evans 2013; Vutisalchavakul et al. 2016) , and thermal radio continuum observations can easily resolve individual Galactic regions and be used as a substitute for recombination-line diagnostics to count ionizing photons (Paladini et al. 2003) .
The Milky Way offers the unique opportunity to study individual massive star forming regions (MSFRs) resolved over sub-parsec distance scales, where the associated young stellar populations can be directly observed. The Massive Young Star-Forming Complex Study in Infrared and X-ray (MYStIX; Feigelson et al. 2013; Broos et al. 2013 ) has characterized hundreds of OB stars in ∼20 young Galactic star-forming regions within 4 kpc, and ∼100 more obscured OB stars in the MYStIX pointsource catalog have recently been found by Povich et al. (2017) . The MSFRs Omnibus X-ray Catalog (MOXC; Townsley et al. 2014 ) produced X-ray point-source catalogs and diffuse emission maps from archival Chandra X-ray Observatory data on seven MYStIX MSFRs and four additional Galactic MSFRs out to 7 kpc (plus 30 Doradus in the Large Magellanic Cloud).
To better understand the interplay between massive stars and IR/radio nebular tracers of star formation, we have conducted a study of 29 Galactic MSFRs, with 21 drawn from the MYStIX and MOXC surveys, and nine additional, prominent regions that have similar highresolution X-ray through mid-IR archival data available. We construct SEDs by performing aperture photometry on data from the Spitzer Space Telescope, the Midcourse Space Experiment (MSX), the Infrared Astronomical Satellite (IRAS), the Herschel Space Observatory, and the Planck satellite. We then fit a multicomponent Draine & Li (2007) dust, blackbody, and power-law continuum model to the mid-IR through radio SEDs for each region to measure L TIR , constrain dust properties, and search for evidence of supernova contamination in the radio continuum. We use MYStIX point-source database of X-ray and IR-detected OB stars, along with supplementary lists of massive stars from the literature for non-MYStIX targets, to predict the ionizing photon rate injected into each region and to calculate the fraction of emitted luminosity that is reprocessed by dust. This paper is organized as follows: Section 2 describes the data sources used in this paper. Section 3 describes our SED modeling procedure, while Section 3.5 summarizes the trends observed in the resulting fits. In Section 4 we discuss the relationship between the MSFRs and their ionizing stellar clusters. In Section 5 we discuss commonly used SFR indicators that rely on monochromatic luminosities, and investigate the differences in predicted SFRs these indicators yield when applied to our sample of MSFRs.
TARGETS AND OBSERVATIONS
We targeted MSFRs that could plausibly appear as compact IR sources to an extragalactic observer studying the Milky Way with a spatial resolution of ∼100 pc. The essential criteria for selecting MSFRs for inclusion in this study were (1) bright, localized mid-IR nebular emission and (2) availability of high-resolution X-ray through IR imaging data that provide spatially-resolved information about of the nebular morphology and associated stellar populations. We included as many highluminosity regions hosting rich massive clusters as possible. Some prominent regions, notably the very massive Arches and Quintuplet clusters near the Galactic center, were omitted because any localized nebular emission is indistinguishable from the extremely bright diffuse IRradio background. Table 1 lists the basic properties of our MSFR sample, including Galactic coordinates, distance from the Sun, and spectral type(s) of the dominant ionizing star(s). See Appendix A for details of the OB stellar population in each region. While these MSFRs represent a wide range of masses, luminosities, heliocentric distances, and spatial morphologies, we caution that our sample cannot be considered an unbiased sample of Galactic H ii regions or young massive clusters. Our selection criteria favor younger, more nearby, and more massive regions.
Distances to Galactic MSFRs and their associated young clusters have historically been difficult to measure. A handful of regions (e.g., the Orion Nebula, M17, W3, W51A, and NGC 6334) have had distances measured from multi-epoch very long baseline interferometry (VLBI) parallax measurements of maser spots associated with high-mass protostars. Other techniques to estimate distances include fitting of the high-mass main sequence on the HR diagram, utilizing extinction maps of background stars, or deriving distance constraints from the X-ray luminosity function or molecular cloud radial velocities. All of these techniques are subject to considerable uncertainties (e.g., incorrect accounting for binarity, differential absorption for individual stars, or peculiar velocities deviating from Galactic rotation). For example, over a dozen estimates for the distance to the Lagoon Nebula are presented in Tothill et al. (2008) , most of which fall in the range of 1.3-1.8 kpc.
We searched the Gaia DR2 database (Gaia Collaboration et al. 2018 ) and found reliable parallax measurements for 193 cataloged OB stars associated with 19 of our MSFRs. Reliable parallaxes had Gaia g-band average magnitudes brighter than 15 and typical relative parallax uncertainties <10%, with a few exceptions showing larger uncertainties. We computed the uncertainty-weighted mean parallax distance among the OB stars within each MSFR, rejecting >3σ outliers.
New, reliable parallax distances are available for 17 of the 28 MSFRs. In all cases these distances fall within the (sometimes very wide) range of previously-published distance estimates and provide a significant improvement in precision. In four cases (the Flame Nebula, W40, the Trifid Nebula, and Berkeley 87) these distances are based on a single star, but we nevertheless judge them to be more reliable than previous distance estimates. Cases where the distance appears to have been obtained to greater accuracy for regions without Gaia parallaxes may only represent fewer distance estimates available in the literature. We adopt the distances listed in Table 1 .
Although the MSFRs in our sample are very young (<5 Myr), even during this short timescale dramatic, evolutionary changes to the density, temperature, and morphology of the gas and dust can and do occur. The MSFRs in our sample range from highly-embedded H ii regions where the bulk of the stellar luminosity is reprocessed by dust (e.g., the Flame Nebula and W51A) to relatively unobscured H ii regions that have been largely evacuated of dust (e.g., W4, Wd 1). However, age-dating methods for H ii regions and their associated stellar populations are heterogeneous and suffer from large uncertainties, so we will not attempt to place the MSFRs in our sample into an evolutionary sequence. A detailed analysis of the age and SFRs in these regions will be the subject of a forthcoming paper.
Observations
IR data from Spitzer, MSX, and IRAS and radio data from Planck were retrieved using the NASA/IPAC Infrared Science Archive (IRSA)
1 .
Spitzer
The majority (23) of our target MSFRs were included in the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE; Benjamin et al. 2003) or follow-up surveys (GLIMPSE II, GLIMPSE 3D, GLIMPSE 360, or Vela-Carina surveys; Churchwell et al. 2009; Zasowski et al. 2009; Povich et al. 2011) using the four Spitzer IRAC bands, centered at 3.6, 4.5, 1 See http://irsa.ipac.caltech.edu ), 11: Harayama et al. (2008 ), and 12: Gwinn et al. (1992 . For a discussion of the spectral types found in each stellar population (including references), see Appendix A.
5.8, and 8.0 µm (Fazio et al. 2004) . High-resolution (1. 2 pixels) mosaics were created by the GLIMPSE pipeline 2 from Basic Calibrated Data (BCD) image frames processed by the Spitzer Science Center (SSC). The GLIMPSE pipeline removes artifacts such as stray light (from all bands), muxbleed (3.6 and 4.5 µm bands), and banding (5.8 and 8.0 µm bands). The SSC Mopex package (Makovoz et al. 2006 ) is used to mask image artifacts (primarily cosmic rays), and the IPAC Montage packages were used to mosaic the images (Berriman et al. 2002) .
The remaining 7 MSFRs were included in the MYStIX survey, and for these we use mosaic images produced by Kuhn et al. (2013) from publicly-available Spitzer/IRAC archival observations. The majority of our targets were also observed at 24 and 70 µm using the Multiband Infrared Photometer for Spitzer (many as part of the MIPSGAL survey; Carey et al. 2009 ). Because many of our MSFRs are extremely mid-IR bright, the MIPS 24 µm images frequently become saturated, and Herschel offers superior sensitivity and photometric calibration at 70 µm. For these reasons we do not use MIPS data for this study.
MSX
The Spirit III instrument on board the MSX satellite surveyed the Galactic plane in four IR bands (Price et al. 2001 ): A (8.28 µm), C (12.13 µm), D (14.65 µm), and E (21.3 µm). The spatial resolution of Spirit III was ∼18. 3. Although its resolution and sensitivity are inferior to that of Spitzer, the absolute flux calibration of MSX, determined in-flight by measuring the fluxes from projectiles fired away from the spacecraft, is reliable to ∼1% (Price et al. 2004 ). Hence MSX mid-IR fluxes are the most accurate currently available. MSX A images provide the benchmark against which IRAC [8.0] fluxes can be compared (Cohen et al. 2007) , and MSX E provides a substitute for saturated Spitzer/MIPS 24 µm images.
IRAS
From January to November 1983 the Infrared Astronomy Satellite (IRAS) mapped 98% of the sky in four IR bands. These bands have effective wavelengths of 12, 25, 60, and 100 µm (Beichman et al. 1998) . Although the sensitivity of IRAS is comparable to that of MSX, its resolution was much lower, with 1. 5 pixels. We use the Improved Reprocessing of the IRAS Survey (IRIS) products available through IRSA, which benefits from improved zodiacal light subtraction, calibration and zero level compatible with DIRBE, and better destriping, particularly in the 12 and 25 µm bands (Miville-Deschênes & Lagache 2005). All IR images were downsampled to the 1. 5 pixel scale of IRAS before aperture photometry and analysis was performed.
Herschel
All target MSFRs were included in one or more of the Herschel Hi-Gal, HOBYS, or Gould Belt surveys (Molinari et al. 2010; Motte et al. 2010; André et al. 2010) . Far-infrared and submillimeter images were downloaded from the Herschel Space Observatory Science Archive 3 using the Herschel Interactive Processing Environment 3 See http://archives.esac.esa.int/hsa/whsa/ (HIPE; Ott 2010). Level 2.5 images were retrieved for both PACS and SPIRE observations. The default JScanam map-maker was selected for all PACS observations. The beam sizes of the 70 µm, 160 µm, 250 µm, 350 µm, and 500 µm images are 5. 8, 12. 0, 18. 0, 25. 0, and 37. 0, respectively (Griffin et al. 2010; Poglitsch et al. 2010 ).
Planck
We retrieved Planck cut-out images 4 at 30 GHz, 44 GHz, 70 GHz, and 100 GHz centered on each MSFR. The images were scaled to be four or eight times the FWHM of the effective beam at each frequency to provide an adequate estimate of the background. The effective FWHM in the 30, 44, 70, and 100 GHz channels are 32. 41, 27. 10, 13. 32, and 9. 69, respectively. The flux density is estimated by integrating the data in a circular aperture centered at the position of the source (see next section for details).
Many of the MSFRs in our sample have been studied with a variety of radio facilities at different frequencies. We do not use these historical measurements, which frequently give disparate results even for a single region (e.g., as in M17; Povich et al. 2007 ), in our analysis. Instead, our analysis utilizes the homogeneous Planck data, which had excellent absolute surface brightness calibration and covered the entire sky with sufficient angular resolution to measure the radio continuum for individual star forming regions. Cases where previous measurements of the radio continuum are available for MSFRs are discussed in Appendix A.
Aperture Photometry
To construct multiwavelength SEDs, we performed aperture photometry on the IR and radio images of all MSFRs in our sample. Circular apertures sizes were determined by first extracting the surface brightness profile of each MSFR in the IRAC 8.0 µm band, centered on the cluster location given in Table 1 . The surface brightness as a function of distance was then fit with a decaying exponential function plus a constant background. The "global" MSFR aperture was defined by the radius within which 99% of the source surface brightness was enclosed. Circular background apertures were selected by visual inspection near the outer edge of the source apertures, and were required to possess an average surface brightness consistent with that of the constant background level found in the full surface brightness profile. In a few cases, the spatial extent of the MSFR made extracting IRAC 8 µm surface brightness profiles out to the background level impossible, as large segments of the nebula run off the edge of the Spitzer field of view before the background is reached. In other cases, Spitzer 8 µm images were missing completely. For these regions, we use the MSX A channel (8.28 µm) to extract the surface brightness profile and define source apertures.
In Figure 1 , we present an RGB-rendered finding chart of the Orion Nebula, with the extraction aperture superimposed; we additionally show the surface brightness profiles that were extracted using the IRAC 8 µm MSX E channel (21.3 µm), and PACS 70 µm images. The MSX E and PACS 70 µmprofiles have been renormalized to equal the 8 µm surface brightness at the radius of the extraction aperture. The remaining finding charts and surface brightness profiles are shown in Figures 1.1 through 1.28 in the online figure set. A detailed analysis of the spatially-resolved SEDs will be presented in a forthcoming paper.
Fig. Set 1. The RGB rendered finding charts and surface brightness profiles for the 28 MSFRs in our sample.
In many cases, the 8 µm aperture radius was smaller than the Planck FWHM (especially at 100 GHz and 70 GHz), which would have led to a potentially significant loss of radio flux. We therefore used either the IR-derived aperture or the Planck FWHM at each frequency, whichever was larger, to compute the radio flux. For some MSFRs in crowded regions, source confusion (particularly at lower frequencies) was a serious issuewe only measure the radio flux in the frequency range where the MSFR is clearly resolved. The aperture size r ap used to compute the radio flux for each region is given in Appendix B.
Data obtained from the various missions used in this work are reported in different units (for example, Herschel/PACS images are calibrated in units of Jy pixel −1 , while SPIRE images are in MJy sr −1 ). We integrated the intensity images over the apertures defined above in MJy sr −1 before converting each value to a flux density S 0 (Jy). The background-subtracted flux densities were calculated as
where n pix is the number of pixels contained within the source aperture and B is the background level. The uncertainties are estimated as
Additional sources of systematic error affect the absolute diffuse flux calibrations of IRAC images. Cohen 3 µm for a sample of 43 Galactic H ii regions and found, correcting for the difference in bandpasses, that the present calibration of the IRAC 8 µm band tends to overestimate diffuse fluxes by 36%. This discrepancy is attributed to scattered light inside the camera, likely affecting the IRAC 5.8 µm band as well. Aperture correction factors have been estimated for all four bands; we adopt the SSC "infinite-aperture" correction factors 5 and multiply our flux densities at 3.6, 4.5, 5.8, and 8.0 µm by factors of 0.91, 0.94, 0.73, and 0.74, respectively. All of our measured flux densities, aperture central coordinates, and adopted radio apertures are reported in Table 8 in the  Appendix. 3. THE SPECTRAL ENERGY DISTRIBUTIONS Our SED model contains three basic components: a set of dust models to describe the "warm" dust component (∼3-100 µm), a "cool" blackbody component to describe the far-IR (∼20 K, at ∼100-500 µm) observations, and the radio continuum:
We discuss each component in detail below.
The "Warm" Dust Model
We employ the dust emissivity models of Draine & Li (2007) , using the Galactic "MW" grain size distribution models (Weingartner & Draine 2001 ). These models assume a canonical extinction law A V /E(B − V ) = 3.1 mag. This extinction law may underestimate the dust emissivity at longer wavelengths (e.g., where the colder dust, described below, begins to dominate the SED). For this reason, we do not attempt to constrain the dust emissivity or dust mass using the Draine & Li (2007) models; the primary purpose of the SED modeling is to obtain accurate IR luminosities of the MSFRs. The dust is assumed to be a mixture of amorphous silicate and graphitic grains, heated by starlight, with the smallest carbonaceous grains having the physical properties of polycyclic aromatic hydrocarbon (PAH) molecules. The size distributions of these particles are chosen to reproduce the wavelength-dependent extinction in the Milky Way. The silicate and carbonaceous content of the dust grains was constrained by observations of the gas phase depletions in the interstellar medium (Weingartner & Draine 2001) . The PAH abundance in each model is characterized by the index q PAH , defined to be the percentage of the total grain mass contributed by PAHs containing less than 10 3 C atoms, which can range from 0.46% to 4.6%.
In addition to the physical dust mixture, the models also specify the intensity of the radiation field that is heating the dust grains. The IR emission spectrum is relatively insensitive to the detailed spectrum of the hν < 13.6 eV photons, and the Draine & Li (2007) dust models simply adopt the spectrum of the local interstel-5 See http://ssc.spitzer.caltech.edu/irac/calib/extcal lar radiation field (ISRF). The specific energy density of starlight is therefore taken to be
where u
is the specific energy density estimated by Mathis et al. (1983) for the local Galactic ISFR and U is a dimensionless scale factor. In order to account for the range of starlight intensities that may be present in MSFRs, we parameterize the starlight as the sum of two contributions: one describing the radiation field due to the central ionizing cluster, assumed to be a delta function where U min,1 = U max,1 = U 1 , and the other describing a range of stellar intensities ranging from U min,2 to U max,2 . The second contribution allows the stellar radiation field to decrease with increasing distance from the principal ionizing OB star(s) and as a result of attenuation by intervening dust. The flux density of the total warm dust model used in our fits is therefore given by
where f dust,1 (λ) is the δ-function radiation field and f dust,2 is the radiation field described by a range of stellar intensities. The total warm dust model is defined by the PAH fraction of each component (q PAH,1 and q PAH,2 ), the minimum and maximum stellar radiation fields experienced by component two (U min,2 and U max,2 ), the radiation field experienced by component one (U 1 ), the fraction of flux density emitted by each component (γ), and a normalization constant (N dust ). Typically, U min,2 spans 0.1-1.00 while U = U max,2 = 10 3 -10 5 , and γ is small (∼10 −5 ). For regions without complete Spitzer coverage, this dust component is almost completely unconstrained. In these cases, we utilize a single dust component and report only U 1 and q PAH .
The "Cool" Blackbody
A single-temperature blackbody modified by an emissivity law proportional to λ −β is used to fit the cool (∼20-30 K) dust component of the MSFRs, captured primarily by the SPIRE 250 µm, 350 µm, and 500 µm channels. We refer to this component as the "cool" blackbody to differentiate it from "cold" (≤10 K) dust in the ISM. Laboratory studies of interstellar dust analogs have found that β ∼ 1 − 2 for carbonaceous grains (Mennella et al. 1995; Zubko et al. 1996; Jager et al. 1998 ) and β ∼2 for silicate grains (Mennella et al. 1998; Boudet et al. 2005; Coupeaud et al. 2011) at FIR wavelengths. The effective value of β for interstellar dust depends on the interstellar dust mixture and the interstellar radiation field. We assume β = 1.5, consistent with observational constraints from SPIRE (e.g., Dunne & Eales 2001; Paradis et al. 2009; Gordon et al. 2010 Gordon et al. , 2014 Skibba et al. 2011) . The inferred dust temperatures depend marginally on the assumed emissivity, with β = 2 yielding temperatures systematically lower by a few degrees (Bendo et al. 2003) . With β fixed, the blackbody component of our SED model is defined only by the dust temperature (T BB ) and a normalization component (N BB ).
We note that the dust opacity and total dust mass will depend on the normalization components N BB and N dust . Due to the uncertainties of the dust properties, we do not attempt to estimate the dust mass for any of the MSFRs. The normalizations are used only for estimating the total IR luminosity of each region (see below, Section 3.5).
The Radio Continuum
The nebular radio emission from MSFRs (as well as entire star-forming galaxies; Deeg et al. 1993) originates from two principal mechanisms: thermal bremsstrahlung (free-free) emission and non-thermal synchrotron radiation from supernovae (SNe). Both free-free and synchrotron radiation produce power law radio continua, with a spectral index α defined by
We hence adopt the sign convention for which negative values of α indicate decreasing flux density with increasing frequency. Optically thin free-free emission is characterized by α = −0.1, while non-thermal synchrotron emission typically yields α = −0.5 (e.g., see Klein et al. 1988; Carlstrom & Kronberg 1991, and references therein) . For regions where we are able to estimate the radio flux at all four Planck frequencies, both the power law spectral index α and the power law normalization are free parameters in our fit. For regions where source confusion is an issue, and only one or two radio flux measurements are available, we assume α = −0.1 (corresponding to a pure thermal continuum) and only fit the normalization component. The IRAC [4.5] band, while free of strong PAH emission bands, contains the H I Brα recombination line at 4.05 µm, a potentially strong emission feature in H ii regions. Following the method of Povich et al. (2007) we use the thermal continuum flux density from the Planck radio observations to calculate the contribution of the Brα line to the IRAC [4.5] flux density, which is typically ∼1-20%. We then increase the model-predicted 4.5 µm flux by this amount prior to fitting the SEDs.
Performing the Fit
Our model SEDs are well-sampled in wavelength, whereas our observed SEDs are not. We therefore integrate the model SED flux density (S ν ) over the (broad) response functions for each filter using
R E (ν) is the response function for each filter 6 used in our SED modeling, and ν 0 is the central frequency of the bandpass. For simplicity, we assume a S(ν) = ν −1 reference spectrum (e.g., as used in the calibration of Herschel PACS and SPIRE, where the SED peaks; Gordon et al. 2014) . Although the shape of the underlying H ii spectrum is frequency-dependent, the individual filter bandpasses are significantly narrower than the full SED; thus, changes the reference spectrum will change the model flux in each filter by only a few percent.
We use the IDL routine mpfitfun (Markwardt 2009 ) to fit the observed fluxes to the model fluxes, and the model yielding the lowest χ 2 per degree of freedom (χ 2 r ) is selected as the best-fit model. Our model is applied to a grid of possible dust model combinations defined by [q PAH,1 , q PAH,2 , U min,2 , U max,2 , U ]. The best-fit values of γ, N dust , T BB , N BB , α, f Brα , and N PL are determined for each parameter set; these are the parameters which determine the number of degrees of freedom for each model.
Results of SED Fitting
We calculate the bolometric luminosity L TIR of each H ii region by integrating our best-fit model over the wavelength range probed by our IR photometry (3.6-500 µm), assuming the distance to each H ii region listed in Table 1 . We also integrate over the model-predicted fluxes from the warm dust component only, and compute the fraction of the bolometric luminosity that is emitted by the warm dust component (f bol ).
To examine the robustness of the dust model parameters, we additionally examined the model with the second-lowest χ 2 r (presented in Table 7 in Appendix B). In general, the differences in χ 2 r between the best and second-best models (∆χ 2 ) are small, and the bolometric luminosities inferred from the two models are within 1σ of one another for all MSFRs. Only three MSFRs have ∆χ 2 ≥ 0.5 (the Eagle Nebula, the Carina Nebula, and NGC 3603). The radio continua are consistent with thermal emission for all MSFRs for which it could be measured.
The intensity of the thermal radio continuum is proportional to the number of apparent Lyman continuum photons N C . The Lyman continuum photon flux required to maintain ionization is given by
where S ν is the (thermal) continuum flux density measured by Planck, and D is the distance to the source (Table 1). We assume an electron temperature of T e = 10 4 K (Subrahmanyan & Goss 1996) . The best-fit parameters for all MSFRs in our sample are summarized in Table 2 , sorted by increasing bolometric luminosity. The table also includes the circular aperture radius used in our photometry analysis, along with the corresponding physical size of the region (note: the precise central coordinates of our apertures are given in Table 8 in Appendix B). Figure 2 shows the SED and best-fit model for the Orion Nebula; the remaining SEDs are shown in Figures 2.1 through 2.28 in the online figure set. In Figure 3 we plot L TIR against N C . Previous studies have utilized the relationship between the luminosity at 24 µm and N C as a foundation for calibrations of the extragalactic, mid-IR SFR determinations (Calzetti et al. 2007; Chomiuk & Povich 2011; Vutisalchavakul et al. 2016) . We find a sub-linear correlation, with logL TIR = (−36.33±2.53)+(0.86±0.05) logN C . This is consistent with sub-linear correlation between radio and MIR tracers of star formation found by Vutisalchavakul et al. (2016) .
The cool blackbody components of the MSFRs in our sample have an average temperature T BB = 28.6 ± 6.0 K. This temperature range is consistent with the galaxy-wide SED modeling results found in the KING-FISH survey (Hunt et al. 2015) .
H ii REGION REPROCESSING OF STARLIGHT AND IONIZING PHOTONS
We compiled the known massive stellar content (stars with spectral types earlier than B2) of each region and estimated the Lyman continuum photon rate (N C ) and bolometric luminosity (L ) produced by the stars in each region. We used the models of (Martins et al. 2005) to estimate N C for the cataloged OB population in each region. This grid covers the log g-T eff plane for O-and early-B stars, and includes non-LTE treatment and lineblanketing. We used the observed spectral type of each massive star (B2 or earlier) to assign a corresponding L and N C , summarized in Table 3 . For Wolf-Rayet stars, we adopt the luminosities and ionizing photon rates provided in Crowther (2007, their Table 2 ). A detailed discussion of each region, including references to the previously catalogued stellar content or assumptions made regarding the spectral types, is presented in Appendix A.
In Table 4 we summarize the expected (N C ) and (L ) in each MSFR, the ionizing photon flux estimated from the Planck radio observations (N C ), the bolometric luminosity (L TIR ) measured by our SED fitting, and the ratios N C /N C and L TIR /L for each region. The spec- tral types of the ionizing stellar populations are, of course, not known with perfect accuracy. To assign uncertainties to N C and L , we assume that the cataloged spectral type of each star may differ by up to one type from the true value; e.g., an O6V star may be as late as an O7V or as early as an O5V. For each star in the MSFR, we randomly select a spectral type that can be the same as the reported spectral type, or a half-or full-spectral type earlier or later than the reported spectral type. We then re-compute N C and L for the region. This process is repeated 500 times for each MSFR, yielding distributions of plausible N C and L values for each region. The standard deviations of these distributions are then used as the uncertainties on N C and L reported in Table 4 ; typically, the means of these distributions agree with the values computed using the cataloged spectral types.
In Figure 4 we plot N C and L TIR derived from our SED fits against against N C and L , respectively, from the massive stellar content in all 28 MSFRs. Excluding MSFRs that lack secure distances, well-characterized massive stellar populations, or measurable N C from the Planck observations, the best-fit relationship for the Lyman continuum photon rates yields a linear slope, log N C = (−0.40 ± 0.80) + (1.00 ± 0.07) log N C , as does the relationship for bolometric luminosities, with log L TIR = (−0.52 ± 0.35) + (1.04 ± 0.06) log L . Including all MSFRs does not significantly change the powerlaw slopes of these relationships.
Dust can absorb Lyman continuum photons before they contribute to the ionization of H ii regions (McKee & Williams 1997) , reducing N C /N C while contributing to L TIR /L . Previous studies have found that ∼20-50% of UV photons produced by massive stars in the Milky Way and Local Group galaxies are absorbed by dust in surrounding H ii regions (see Inoue 2001; Inoue et al. 2001 , and references therein). Similar studies of external galaxies have suggested 30-70% of the emitted UV photons escape from H ii regions and interact with the ISM (e.g., Oey & Kennicutt 1997; Zurita et al. 2002; Giammanco et al. 2005; Pellegrini et al. 2012) . Our SED modeling results allow us to estimate both the fraction of stellar luminosity that escapes the MSFR and the fraction of Lyman continuum photons absorbed by dust within the H ii regions. Strong density inhomogeneities in the H ii regions and surrounding PDRs create low-density pathways through which Lyman continuum and longer-wavelength photons may reach the diffuse ISM without first being absorbed by local dust or gas associated with the MSFR. UV photons carry the bulk of the emitted stellar luminosity and have characteristically large interaction cross-sections with both dust and gas. The average hydrogen gas density n H of the diffuse ISM is typically lower than that within a young H ii region by a factor of 10 −3 . Since the Strömgren radius is proportional to n −2/3 H (Strömgren 1939) , Lyman continuum photons that manage to escape MSFRs can ionize regions 100 times larger than their parent H ii regions. The largest H ii regions in our sample have diameters of tens of pc, hence their escaped Lyman continuum photons contribute to the ionization of the warm ionized medium, with its ∼1 kpc scale height (Haffner et al. 2003) .
The fraction of stellar luminosity escaping from each MSFR is simply
which we calculate for the 18 MSFRs with wellcharacterized massive stellar populations, well-constrained distances (hence excluding the 8 regions marked with a c or d in column 1 of Table 4 ; values of f esc are presented in column 6), and measurable N C . For these regions we find an average L TIR /L = 0.74 ± 0.22, so approximately three-quarters of the emitted stellar luminosity is absorbed and reprocessed by the H ii regions and surrounding PDRs and one-quarter escapes into the diffuse ISM. The average ratio of Lyman continuum photon rate emitted by the massive stars to ionizing photon rate measured from the Planck thermal radio continuum is N C /N C = 0.47 ± 0.24. In other words, we find that only ∼50% of UV photons emitted by massive stars contribute to the ionization of their surrounding H ii regions, consistent with Inoue (2001) . Ionizing continuum photons are lost to the H ii regions due to the combination of dust absorption and escape, hence we define the fraction (f C,abs ) of Lyman continuum photons absorbed by dust within H ii regions using
Substituting Equation 9 into the above and rearranging terms, we have
We have tacitly assumed that f esc does not differ significantly between Lyman continuum and longerwavelength UV photons. Values of f C,abs are reported in column 7 of Table 4 . The uncertainties are relatively large, and f C,abs falls within 1σ of zero for roughly 20% (3/17) of H ii regions for which it could be calculated; for these regions we report upper limits only.
In Table 5 we divide our MSFR into subgroups based on luminosity and then compute the average values of N C /N C , L TIR /L , and f C,abs for each subgroup. The luminosity subgroups were defined to categorize the ionizing stellar population as follows: those with a fully-populated upper stellar initial mass function (IMF) containing multiple O2/O3 stars plus Wolf-Rayet stars (log L TIR /L ≥ 6.8 or log L /L ≥ 6.8), those ionized by the equivalent of a single O6 or later-type star (log N C /s −1 < 49), and the intermediate case of H ii regions ionized by one or more early O stars but may still be influenced by stochastic sampling of the upper IMF (see Kennicutt & Evans 2012) . Only regions with reasonably secure distances, well-catalogued stellar populations, and for which we were able to calculate nonzero values of f C,abs (e.g., half of our sample) were used for this analysis.
The main result highlighted in Table 5 is that the highluminosity regions with fully-populated upper IMFs lose 50% of their Lyman continuum photons to dust absorption that would otherwise contribute to ionizing their H ii regions, which is significantly above the average f C,abs = 30% for the entire sample. This result agrees very well with the predictions of McKee & Williams (1997) , who calculated that the fraction of ionizing photons absorbed by dust increases with ionizing photon rate in H ii regions. This trend was caused by the higher ionization fraction lowering the absorption cross-section of the gas toward ionizing photons.
In Figure 5 , we plot f C,abs as a function of the luminosity ratio L TIR /L (the regions included in Figure 5 are the same regions used to compute averages in Table 5 ). Regions with higher fractions of their stellar luminosities reprocessed by dust show higher fractions of Lyman continuum photon absorption.
Given the extreme feedback effects produced by the radiation and stellar winds of the most massive young clusters, one might expect that dust grains would be more efficiently destroyed or evacuated from more luminous regions. Everett & Churchwell (2010) found that dust must be continually replenished within H ii regions to produce the observed 24 µm emission. McKee & Williams (1997) did not address the question of whether dust properties vary among different H ii regions. We find no significant depletion of dust among the more luminous Galactic H ii regions in our sample, indeed, our results seem to imply the opposite, that more luminous H ii regions are somehow dustier than less-luminous ones.
More massive clusters are formed from the densest clumps within the most massive giant molecular clouds, and the high gravitational potential combined with the self-shielding effects of very dense, dusty gas could preserve massive reservoirs of cold dust within filaments, pillars, and globules, that are in close proximity to or even surrounded by ionized gas (see, e.g. Dale & Bonnell 2011) . Photoevaporation of this cold, dusty gas could hence provide a readily-available source of dust replenishment for luminous H ii regions. This is consistent with the observed morphologies of dusty, giant H ii regions, which feature large cavities filled with hot, low-density X-ray-emitting plasma surrounded by relatively thin shells traced by both the brightest mid-IR and radio emission (Townsley et al. 2003; Povich et al. 2007; Townsley et al. 2011 ). In our sample, M17, W43, and NGC 3603 exemplify this morphology.
Part of this trend is likely be due to selection bias in our sample; after all we have targeted IR-bright Galactic MSFRs, not a representative sample of all Galactic MSFRs. The most massive young clusters are located at relatively large heliocentric distances in the bright, crowded reaches of the Galactic midplane, so very massive clusters that have been cleared of dust (such as Wd 1) are difficult to identify. But our sample was constructed so that the selection biases should be similar to those of a spatially-resolved, IR observation of a nearby disk galaxy targeting the brightest compact "knots" of IR emission (e.g., Calzetti et al. 2007 ). We have thus included a representative sample of regions that are bright in the IR and sufficiently isolated (none are within 5 kpc of the Galactic center) that they would stand out among the brightest compact IR sources in to an external observer of the Milky Way.
MONOCHROMATIC LUMINOSITIES AND PREDICTED STAR FORMATION RATES
Monochromatic luminosities at various IR wavelengths have been developed as more convenient substitutes for L TIR to measure SFRs in galaxies, generally calibrated against extinction-corrected Hα emission as a proxy for the ionizing photon rate. In this section we analyze the behavior, among our sample of Galactic MSFRs, of three monochromatic luminosities that have been widely investigated in the extragalactic context. Monochromatic luminosities reported here are measured from the SED model luminosities convolved with the relevant instrumental filter bandpass, which may differ from the flux density measured directly from aperture photometry in that bandpass. In the case of the 24 µm luminosity the direct measure is not available, as our MSFRs usually saturate the MIPS 24 µm images. Saturation frequently affects the IRAC 8 µm flux densities in bright regions as well.
At shorter wavelengths (3 µm λ 20 µm), IR emission from MSFRs is dominated by the emission features of PAHs and the warm (>150 K) dust continuum. Not surprisingly, short-wavelength tracers such as the monochromatic 8 µm luminosity (L 8 ) are inaccurate, showing large degrees of variability with respect to metallicity (e.g., Madden 2000; Madden et al. 2006; Engelbracht et al. 2005 Engelbracht et al. , 2008 Draine & Li 2007; Galliano et al. 2008; Gordon et al. 2008; Muñoz-Mateos et al. 2009; Marble et al. 2010 ) and the shape of the SEDs (Dale et al. 2005; Calzetti et al. 2007 ). For these reasons, L 8 is not generally considered a reliable SFR tracer. The strong ionizing radiation fields of early-type stars are extremely efficient at destroying PAHs in their vicinity, thereby reducing their line strength and relative contribution to L 8 . Thus, L 8 may be a better tracer of the B-star population in a region than the overall SFR (Peeters et al. 2004) .
The monochromatic 24 µm luminosity (L 24 ) is often utilized as a SFR tracer (Calzetti et al. 2007) . Although the L 24 /SFR ratio is reasonably consistent on local scales, it is systematically higher when applied to starburst galaxies or ULRIGs (Calzetti et al. 2005) . In this intermediate wavelength range (∼20-60 µm), warm dust (∼50 K) emission transitions from being dominated by stochastically heated small grains to being dominated by larger grains in thermal equilibrium. Thus, variations in L 24 are related to the shapes of the observed SED of the star-forming region, and hence should be sensitive to the radiation field strength of the ionizing stars and to the dust temperature.
On ∼500 pc scales in spatially-resolved observations of nearby galaxies, Calzetti et al. (2007) found a sublinear relationship between the SFR and L 24 (their Equation 9),
The non-linearity of this correlation is characteristic of this tracer (Alonso-Herrero et al. 2006; Pérez-González et al. 2006; Calzetti et al. 2007; Relaño et al. 2007; Murphy et al. 2011) . Proposed explanations for this trend invoke increasing dust opacity in star-forming regions and/or increasing mean dust temperature with increasing L 24 .
Longward of ∼60 µm, the emission from star-forming regions is dominated by thermal emission from larger dust grains at ∼20 K (typically referred to as the "cool" or "cold" dust component, and represented in our SED Trifid  W42  N7538  W4  Eagle  W33  RCW38  W3  N3576  N6334  G29  N6357  M17  G333  W43  RCW49  G305 model by the cold blackbody component). Although heating from lower-mass (and potentially older) stars contributes more at these cold temperatures than at shorter wavelengths, the 70 µm luminosity has been found to be an accurate monochromatic SFR indicator (Dale et al. 2005) . The relationship between SFR and L 70 is linear; using a sample of over 500 star-forming regions, Li et al. (2010) found In Figure 6 we plot the ratio of these monochromatic luminosities to L TIR against L TIR for each of the MSFRs in our sample. On average, we find L 8 comprises 17±5% of the bolometric luminosity of the regions in our sample, comparable to previous studies of the L 8 -SFR relationship in other metal-rich, star forming galaxies (Crocker et al. 2012; Treyer et al. 2010; Elbaz et al. 2011) . The 24 µm luminosity accounts for 25±7% of the bolometric luminosity, and 52±10% of the bolometric luminosity is emitted at 70 µm. The peak of the IR SEDs almost always falls near or within the PACS 70 µm band (with the notable exception of Wd 1, indicated by an open circle in Figure 6 ).
We do not observe a trend consistent with increasing dust temperature enhancing L 24 as L TIR (or, implicitly, SFR) increases. Our SED modeling similarly reveals no correlation between f bol (the fraction of luminosity in the warm dust component) and L TIR (Table 2). One possible explanation could be that increased feedback in more luminous regions tends to expel or destroy dust from the immediate vicinity of the early-type stars, hence the remaining dust persists at larger distances from the ionizing cluster(s), maintaining cooler equilibrium temperatures than would be predicted by models that increase the radiation field without changing the spatial distribution of dust. While the upper end of our sampled luminosities overlaps with the luminosity range studied by Calzetti et al. (2007) , we cannot rule out the possibility the L 24 -L TIR relation steepens at higher luminosities, so there is no evident tension between our results and the extragalactic calibrations.
Luminosity and the PAH Fraction
The Draine & Li (2007) dust models may provide insight into the physical nature of the dust present in each star-forming region. Of particular interest is the PAH fraction required to best-fit the short-wavelength Spitzer fluxes in the MSFR SEDs. We calculate a luminosityweighted average PAH fraction q PAH from our best-fit SED model (e.g., with the value of q PAH of each dust component weighted by the luminosity produced by that component); uncertainties on q PAH are derived from the uncertainties in the luminosities of each dust component.
We observe marginal evidence for a correlation between the average q PAH and L TIR ; brighter regions have systematically lower average q PAH values. Figure 7 shows the average q PAH as a function of L TIR for each of the three luminosity categories listed in Table 5 , as well as for the entire MSFR sample. Regions with fullypopulated upper IMFs exhibit the lowest q PAH values, 2.2±0.5%, compared to regions with some early O-stars ( q PAH = 2.8±0.9%) or a single O6-type or later ( q PAH = 3.5±1.0%). We caution that the inferred PAH fractions depend on the Draine & Li (2007) dust models, which assume a canonical extinction law (R V = 3.1 mag) that may underestimate the dust emissivity at longer wavelengths; the absolute q PAH values, therefore, may depend on choice of extinction law. The best-fit relationship between q PAH and L TIR using only the average quantities for the three MSFR subgroups (the black dashed line in Figure 7 ) is given by q PAH = (6.8 ± 1.4) − (0.7 ± 0.2)log L TIR (%). (14) There is no significant difference in the fit parameters when all MSFRs are used. This correlation may arise from weaker radiation fields produced by late O-type stars being inefficient at destroying a large percentage of PAH molecules.
Calibrating SFR Tracers Against Ionizing Photon Rates of Cataloged Massive Stellar Populations
The Galaxy offers the advantage that the ionizing stellar populations in MSFRs can be resolved at the level of individual OB stars, with unresolved binary/multiple systems revealed through spectroscopy. We can therefore calibrate SFRs directly against the Lyman continuum photon rate N C expected from the cataloged OB populations (Tables 3 and 4) . Using the Starburst99 population synthesis code (Leitherer et al. 1999 ) and assuming a Kroupa initial mass function (Kroupa & Weidner 2003) the relationship between N C and SFR is (Kennicutt et al. 2009; Chomiuk & Povich 2011) . Chomiuk & Povich (2011) caution that this relationship likely underestimates the SFR for the very young MSFRs in our sample. SFR LyC is the continuous SFR 7 Many studies still use an older calibration based on a Salpeter IMF from Kennicutt (1998) , which increases derived SFRs by a factor of 1.44 assuming a minimum stellar mass of 0.1 M . required to maintain "steady state" conditions within the MSFR in which the ionizing star birth rate equals the death rate. The lifetime of the ionizing stars is therefore assumed in this relationship, and this timescale is likely to be longer than the duration of star formation activity in many of the MSFRs in our sample.
Values for SFR LyC in each MSFR computed using Equation 15 are reported in Table 6 ; for the six regions where we have determined that an incomplete massive stellar census (e.g., where the principal ionizing star or stars have not yet been identified, marked with a c in Table 4 ) we report lower limits. We then assume SFR LyC for the left-hand side of Equation 13 and substitute L TIR , L 24 , or L 70 to calculate the calibration constants c TIR , c 24 , and c 70 , respectively. We additionally derive a radio calibration constant c radio from the Planck radio observations by substituting N C into the right-hand side of Equation 15. Excluding the eight MSFRs with incompletely cataloged stellar populations or very uncertain distances (e.g., those marked with a c or d in Table 4 ) and Wd 1, we derive c TIR = 1.2 ± 0.7, c 24 = 3.7 ± 2.4, c 70 = 2.7 ± 1.4, and c radio = 21.8 ± 11.4 averaged across 19 Galactic MSFRs. We also computed median values for each calibration constant and found that they did not differ significantly from the mean values.
Using these calibration constants, we computed SFR TIR (analogous to the Kennicutt et al. 2009 "total IR" SFR tracer), SFR 24 , SFR 70 , and SFR radio for all MSFRs in our sample. These various SFRs are presented in Table 6 along with the monochromatic 8, 24, and 70 µm fluxes and luminosities. Comparisons between each of these IR SFR indicators and SFR LyC are shown in Figure 8 . Not surprisingly, Wd 1 is a clear outlier, with a predicted SFR TIR that is only ∼6% SFR LyC . Figure 8 shows that all three IR indicators begin to overestimate the SFR for SFR LyC 10 −4 M yr −1 , but the SFR derived from the radio observations does not.
In Figure 9 we compare each of the monochromatic SFR indicators directly with SFR TIR , which has the advantage of being independent of distance or knowledge of ionizing stellar content. Excluded regions in our sample include both very young, highly embedded H ii regions for which the massive stellar content is difficult to spectroscopically catalog, and older, unobscured regions that have largely dispersed their dust. Highly-embedded H ii regions are strong far-IR emitters due to their large fraction of cold dust that remains shielded from the nascent ionizing clusters, while unobscured regions have little to no warm dust remaining, although they may externally illuminate nearby cold, molecular cloud fragments. a Regions for which massive stellar content remains incompletely cataloged; reported SFRLyC is a lower limit. Figure 8 . The gray dotted line shows a perfect agreement between the monochromatic SFR and SFRTIR.
Comparison to Extragalactic Tracers of Dust-Obscured SFRs
Using our value of c 24 yields SFR 24 estimates (as in Table 6 and Figure 8 ) that are comparable to those derived from the sub-linear calibration from (Calzetti et al. 2007 , their equation 9). Although there is considerable variation among individual MSFRs, the Galactic and resolved extragalactic tracers can be regarded as generally consistent. Calzetti et al. (2010) warn that SFR calibrations based on L 24 alone break down when applied to entire galaxies with L 24 < 5 × 10 43 erg s −1 , a luminosity range that begins one order of magnitude above the brightest MSFRs in our sample. Our linear calibration constant c 24 is ∼40% higher than the analogous extragalactic calibrations (see references in Calzetti et al. 2010) , albeit with large uncertainties. This is sensible because the average L 24 /L TIR ∼ 0.25 ( Figure 6 ) agrees with the upper end of the range of L 24 /L TIR measured for whole galaxies by Calzetti et al. (2010) . The mid-IR SEDs of our MSFRs thus resemble those of dusty, starburst galaxies, where the 24 µm emission is completely dominated by heating from young stars. The average star-forming galaxy has a ratio that is lower by a factor of ∼40%. Astrophysically, this discrepancy is explained by the increasing contribution from dust heated by older stellar populations to L 24 as SFR decreases, when the IR luminosity is measured using whole-galaxy apertures.
The effect of increasing the aperture size over which the IR SEDs are measured becomes far more pronounced as the IR wavelength considered increases, because older stellar populations heat dust to lower temperatures than young stellar populations. Our 70 µm calibration constant (c 70 ) is higher than the value measured by Calzetti et al. (2010) for whole galaxies by a factor of ∼5.5, a much greater discrepancy than we find for c 24 . Meanwhile, our result that on average L 70 /L TIR = 55% is in excellent agreement with their measurements of starforming galaxies. Dust absorption produces a 50% reduction in the ionizing photon rates compared to the production rates of Lyman continuum photons in the most luminous Galactic H ii regions. Such IR-luminous regions dominate the extragalactic calibrations of obscured star formation. This effect is potentially pernicious because it is very difficult to separate dust-absorbed from obscured star formation without knowing the ionizing stellar population. Indeed, the terms "absorbed" and "obscured" in this context are routinely used interchangeably in the extragalactic literature. Here we make the same distinction as did McKee & Williams (1997) . Lyman continuum photons "absorbed" by dust grains within H ii regions do not contribute to the ionization of the gas, hence this absorption reduces both the radio free-free and Hα luminosity by the same factor. By contrast, "obscuration" refers to the effects of both absorption and scattering of photons below the Lyman limit by dust within or along the line-of-sight to an H ii region, which reduces Figure 10 . The SFR70 calibration constant c70 as a function of physical size. The solid squares show measurements of the calibration constant from external galaxies and large, extragalactic star-forming regions. The solid squares show the predicted calibration constants for continuous star forming populations (Li et al. 2010 (Li et al. , 2013 . The estimated average SFR70 calibration constant for our regions (with an average size of ∼15 pc) is shown by the solid circle.
the observed Hα but does not affect the radio continuum. The empirical attenuation corrections typically applied to recombination-line studies of external galaxies account for the obscuration affecting visible/near-IR photons (see the definition of "attenuation" provided by Kennicutt et al. 2009 ), but if they fail to completely correct for Lyman continuum photons absorbed by dust within the H ii regions the resulting SFR calibrations will underestimate the true obscured SFRs. This dust absorption systematic is most important for smaller, IR-bright star-forming regions (such as our sample) and likely becomes insignificant for most galaxywide studies.
9 For larger-scale galactic sub-regions and more evolved stellar populations, the contributions of unobscured H ii regions and Lyman continuum photons that have escaped from obscured H ii regions come to dominate the measured SFRs.
SUMMARY & CONCLUSIONS
We have presented a comprehensive study of the globally integrated IR-radio emission of 28 Galactic MSFRs. We fit the 3.6 µm-10 mm spectral SEDs constructed from aperture photometry on Spitzer, MSX, IRAS, and Herschel images plus Planck extended sources with models consisting of one or two Draine & Li (2007) dust com-9 In the case of starburst galaxies or (U)LIRGs the potential impact is unclear. In the latter case it is generally preferable to assume 100% obscured star-formation and hence base SFRs directly on L TIR from population synthesis models, avoiding intermediate calibrations based on Hα.
ponents, one cold blackbody component, and a powerlaw continuum. From our SED model fits and adopted distances to each MSFR we derive the total IR luminosity L TIR and ionizing photon rate N C required to maintain each radio H ii region. Our sampled MSFRs span three orders of magnitude in luminosity, ranging over 10 4 L L TIR 2 × 10 7 L in dust-reprocessed total infrared luminosity and 3×10 47 s
in ionizing photon rate required to maintain the observed radio H ii regions. Modeling the IR+radio SED simultaneously offers considerable advantages over studying either the IR or radio emission alone. The free-free continuum is negligible at shorter mid-IR wavelengths. Although the true ionized gas spectrum departs from a pure power law at short wavelengths, this is unlikely to significant impact our results (e.g., the power law continuum contributes at most a few percent of the total flux at 3.6 µm see Figure 2) . However, the incorporation of the Brα emissionline flux at 4.5 µm, constrained by the radio spectrum, has enabled an improved (although still not perfect) fit to the Spitzer [4.5] mid-IR band compared to models based on dust emission alone (Stephens et al. 2014) .
We searched the literature to compile lists of the known massive stellar population in each MSFR to estimate the stellar bolometric luminosity (L ) and emitted Lyman continuum photon rate (N C ). We balance the "energy budget" in each MSFR in terms of the ratios L TIR /L and N C /N C . In 10/28 MSFRs the emergent dust-processed luminosity in the SED exceeds the bolometric luminosity input by the cataloged stars, leading us to conclude that the census of the massive stellar population is incomplete.
Our main results are summarized as follows:
1. A significant fraction (f C,abs ) of Lyman continuum photons emitted by massive stars is absorbed by dust before contributing to the ionization of H ii regions. This absorption increases with bolometric luminosity; f C,abs = 34% averaged across the 14 MSFRs for which it could be calculated and increases to 51% averaged over the 4 most luminous MSFRs in our sample, which average L TIR = 10 7 L each (Table 5 ). This empirical result agrees well with the theoretical predictions of McKee & Williams (1997) , who calculated that the dust opacity in giant H ii regions increases with ionizing photon luminosity, reaching an average f C,abs = 0.46 for Galactic radio H ii regions with N C > 1.5 × 10 50 s −1 .
2. We calculate an average PAH fraction from our dust models and find that it is systematically higher in regions that are powered by a single O6-type star or later, with lower PAH fractions observed in regions will fully populated upper IMFs. This radiation fields in these lower-luminosity H ii regions are relatively weak, and inefficient at destroying PAH molecules.
3. We calibrate SFRs based on the monochromatic luminosities L 24 and L 70 from our SED models against the Lyman continuum photon rates of the cataloged massive stars in each region. We find that standard extragalactic calibrations of monochromatic SFRs based on population synthesis models are generally consistent with our values, although there is large variation among the 28 individual MSFRs in our sample. Our results are consistent with the Calzetti et al. (2007) 24 µm calibration, and an extrapolation of the Li et al. (2013) 70 µm SFR to the smaller size scales of the Galactic regions is broadly consistent our SFRs.
4. The preferred monochromatic luminosity for measuring obscured SFRs is L 70 , which captures, on average, 52% of L TIR in our regions, a result that is in excellent agreement with comparable extragalactic studies (e.g., Calzetti et al. 2010) . SFR studies using Galactic radio H ii regions have long included corrections for Lyman continuum photons lost to dust absorption (Smith et al. 1978; Inoue et al. 2001; Murray & Rahman 2010; Lee et al. 2012) . Such corrections are typically not incorporated into extragalactic calibrations, as most Hα emission observed on galaxy-wide scales originates from regions with negligible dust. Other SFR tracers, such as integrated UV emission, that do not rely on Lyman continuum photon rates avoid this issue entirely. However, dust absorption becomes significant for spatially-resolved studies of obscured star formation. While current, widely-used calibrations of obscured SFRs account for Lyman continuum photons that escape into the diffuse ISM by using a combination of recombination lines and IR broadband emission (e.g Calzetti et al. 2007; Kennicutt et al. 2009 ), these calibrations could be biased toward low SFRs at the smallest spatial scales and/or highest dust obscurations.
The IR and radio SFR calibrations presented in this work are preferred for application to Milky Way studies over the analogous extragalactic calibrations, given the orders-of-magnitude differences in timescales, physical sizes, and luminosities separating whole galaxies from individual Galactic star-forming regions. Systematics due to heating of dust by older stellar populations are most pronounced for the total IR or L 70 SFR tracers.
The Calzetti et al. (2007) L 24 calibration, which was based on individual IR-bright knots in nearby galaxies, is most consistent with our L 24 calibration, and both appear to give reasonable results when applied to Galactic regions with sufficiently high IR luminosities (see Vutisalchavakul et al. 2016 , whose sample of Galactic starforming regions overlaps with the low-luminosity end of our sample). Even within the Milky Way, our calibrations would likely break down when applied to starforming clouds that are either too low-mass or too early in their evolution to have formed massive stars ionizing radio H ii regions (Vutisalchavakul & Evans 2013; Povich et al. 2016) .
Thermal radio continuum has been relied upon over the past four decades to measure the total ionizing photon rate of the Milky Way and hence the Galactic SFR (Chomiuk & Povich 2011; Kennicutt & Evans 2012, and references therein) . We have demonstrated, across nearly three orders of magnitude in luminosity, that the average ionizing photon rate required to maintain the ionization of radio H ii regions is only one-third of the Lyman continuum photon rate emitted by the massive stellar content of these regions. It is therefore important to account for both the escape of Lyman continuum photons from compact radio H ii regions and their absorption by dust within the H ii regions to derive accurate SFRs or simply to infer the ionizing stellar populations within radio H ii regions. For example, the work by Murray & Rahman (2010) to measure the Galactic SFR using free-free emission measured by the Wilkinson Microwave Anisotropy Probe (WMAP) used the calculations of McKee & Williams (1997) to correct their Lyman continuum photon rates for dust absorption. This absorption correction seems appropriate, and because WMAP measured free-free emission across Galactic scales the escape of ionizing photons would be negligible. For smaller, less-luminous H ii regions such as those studied by Vutisalchavakul et al. (2016) , neither absorption nor escape of Lyman continuum photons can be safely neglected.
Our comparisons of Galactic and extragalactic SFR calibrations required that we assume a standard conversion of Lyman continuum photon rates to absolute SFR based on population synthesis models. While it is encouraging to see convergence between the IR nebular SFR tracers in the Galactic and extragalactic cases, Chomiuk & Povich (2011) warned that the assumed star formation timescale in this conversion is likely to be too long by a factor of a few compared to the actual duration of star formation in individual, IR-bright regions, hence such calibrations likely underestimate the true absolute SFRs. In future work we will measure SFRs directly from the spatially resolved low-and intermediate-mass stellar populations to provide a more direct, empirical SFR calibration for the IR and radio nebular tracers. Here we discuss details of the individual MSFRs, in order of increasing L TIR .
• The Flame Nebula: The Flame Nebula (NGC 2024) includes both a dense cluster and the Horsehead Nebula, located in the Orion B molecular cloud near the Orion Belt star η Ori. Although it is often assumed to lie at the same distance as the Orion Nebula (Menten et al. 2007 ), our distance estimate from the Gaia DR2 database (Gaia Collaboration et al. 2018 ) is somewhat closer (0.33±0.01 kpc). A dark lane of cloud material obscures our view of the central cluster at optical wavelengths, with an average cluster extinction of A V ∼ 10 mag (Skinner et al. 2003) . The most luminous star in the cluster, NGC 2024 IRS 2b, is an extended, embedded infrared source, and its spectral type is uncertain. Our measured ionizing photon rate N C ∼ 3 × 10 47 s −1 is broadly consistent with previous estimates of (4.6±0.7)×10 47 s −1 derived from 1667 MHz measurements by Barnes et al. (1989, corrected for the different distance assumed in that work). The spectral type of the principal ionizing star, IRS 2b, is only constrained to be late-O or early-B type . We therefore calculate N C for the Flame Nebula assuming an O8 V, O9 V, or B0 V spectral type for the star, obtaining 3.1 × 10 48 , 1.5 × 10 48 , and 8.2 × 10 47 s −1 , respectively. The corresponding fraction of emitted stellar light that is reprocessed by dust in each case is 43%, 68%, and 108%, respectively. Given these estimates, we favor the late-O-type interpretation of IRS 2b, and assume a spectral type of O9 V for this star.
• W40: The W40 H ii region is associated with the molecular cloud G28.74+3.52 in the Aquila Rift (Westerhout 1958; Zeilik & Lada 1978) . The H ii region is powered by a a late-O star that is likely responsible for blowing the ∼4 pc bubble observed in wide-field infrared images (Shuping et al. 2012) . The known stellar content of W40 was taken from Shuping et al. (2012) , and produces an ionizing photon rate N C = 9.5 × 10 47 s −1 . These estimates are consistent with a previous upper limit of 1.5×10 48 s −1 predicted by Goss & Shaver (1970) and Smith et al. (1985) based on radio observations. Our distance estimate using Gaia parallaxes is 0.49±0.05 kpc, in excellent agreement with the distance estimated by Shuping et al. (2012) . More than half of the emitted stellar luminosity is reprocessed by dust.
• Westerlund 1: Wd 1 has been intensively studied for its large, diverse population of evolved massive stars (Crowther et al. 2006; Ritchie et al. 2009; Clark et al. 2011) , and Hubble Space Telescope observations have recently resolved its extremely rich, low-mass pre-main sequence population (Andersen et al. 2017 ). We adopt the 3.9 kpc distance derived by Koumpia & Bonanos (2012) from massive eclipsing binary systems. Although Wd 1 is indisputably one of the most massive clusters in the Galaxy, it has already lost its most massive initial members to supernovae, and much of the remaining massive stellar population consists of yellow hypergiants, WR stars, and red supergiants. The present-day bolometric luminosity and particularly Lyman continuum photon rates of Wd 1 are consequently much less than those of other comparably massive, but younger MSFRs included in our sample. We use the cataloged massive stellar population from Clark et al. (2005) to derive estimates of L and N C . Virtually all of the original nebula has been dispersed by massive stellar feedback, likely including supernovae, and there is circumstantial evidence from Spitzer images that feedback from Wd 1 has disrupted a Galactic-scale massive molecular cloud filament that extends for several hundred pc along the Scutum-Centaurus spiral arm at the same heliocentric distance (Goodman et al. 2014) . The current IR nebulosity is dominated by optically-thick wind emission from the evolved massive stars (Dougherty et al. 2010) , making Wd 1 unique among our sample, and its SED models are commensurately unusual, peaking near 24 µm with a much suppressed cool dust continuum at longer wavelengths. The radio continuum in Planck is unmeasurably low. We find that Wd 1 is an extreme outlier in our analysis of monochromatic IR SFRs, and we caution that individual MSFRs occupying the same transient phase of massive cluster evolution could be misinterpreted in spatially-resolved IR or radio studies of obscured star formation in external galaxies.
• RCW36: RCW 36 is an hourglass-shaped H ii region. We measure a distance to RCW 36 from Gaia parallaxes of 1.09 kpc, marginally more distant than the ∼700 pc found by Baba et al. (2004) . It is powered primarily by two late-O type stars in an embedded cluster (Ellerbroek et al. 2013; Minier et al. 2013) . Interstellar material appears to have been cleared away by already formed massive stars on either side of the cluster, and Hα observations have revealed a dense, ionized shell ∼1.8 pc in extent (Rodgers et al. 1960) . A complex, ring-like structure observed by Baba et al. (2004) and Minier et al. (2013) has been interpreted as the initial ionization of the surrounding molecular cloud by the central cluster and young stellar objects (Ellerbroek et al. 2013 ), leading to the expansion of the H ii region and the emergence of bright rims, pillars, and triggered star formation. We estimate an ionizing photon rate N C ∼ 1 × 10 48 s −1 from the Planck observations. This is roughly consistent with the value derived from 4.8 GHz observations by Whiteoak & Gardner (1977) . Nearly all of the stellar luminosity is reprocessed by local dust, albeit with large uncertainties on N C /N C and L TIR /L .
• Berkeley 87: Berkeley 87 is a sparse grouping of early-type stars. We estimate a distance to Berkeley 87 of 1.74 kpc using Gaia parallaxes, somewhat farther away than the 950±26 pc estimated by Turner & Forbes (1982) using stars the western edge of the Cygnus X complex (Cong 1977 ). It appears to be associated with a group of compact H ii regions, and is notable for containing the a rare type of Wolf-Rayet star (WR 142 Stephenson 1966; Sanduleak 1971; van der Hucht et al. 1981 ). In addition, Polcaro et al. (2006) estimate Berkeley 87 hosts ∼8 late-O type stars. The current evolved massive stars in this region may not have been the most massive stars to form with this cluster.
• The Orion Nebula: The Orion Nebula is the best-studied MSFR in the Galaxy, due to its close proximity to Earth (we estimate 0.41 kpc from Gaia parallaxes, consistent with the 414±17 pc estimate from Menten et al. 2007 ). The Orion Nebula Cluster (ONC), and especially the Trapezium group, is the dominant source of ionizing radiation that has produced the blister cavity on the surface of the parent molecular cloud . Due to their young age (∼1.1 Myr; Getman et al. 2014) , none of the stars in the ONC have evolved into the Wolf-Rayet phase or undergone supernovae. The Planck radio observations support this picture; we measure a radio spectral index consistent with free-free emission, and the measured ionizing photon rate N C ∼ 2 × 10 48 s −1 roughly agrees with previous estimates of 5-8×10 48 s −1 (Condon 1992) , derived from 1-25 GHz measurements of the most luminous portions of the OB1d region (Felli et al. 1993; van der Werf & Goss 1989) . Using the stellar populations cataloged by Voss et al. (2010) , we estimate an ionizing photon rate from the ONC of N C = 7.7 × 10 48 s −1 .
• The Lagoon Nebula: The Lagoon Nebula (M8) is illuminated by the massive star cluster NGC 6530, which contains 1100 members (Damiani et al. 2004 (Damiani et al. , 2006 Prisinzano et al. 2005 Prisinzano et al. , 2007 . The nebula lies in the Sagittarius-Carina arm, close to the Trifid Nebula and the supernova remnant W28. The predicted Lyman continuum photon rate from the stellar content (Skiff 2009 ) is N C = 3.7 × 10 49 s −1 , which is roughly three times higher than our observed N C = (1.1 ± 0.2) × 10 49 s −1 . Meanwhile, Lagoon is moderately obscured, with ∼30% of the stellar luminosity reprocessed by dust, implying f C,abs ∼ 0. Three additional early-B-type candidates with were found by Povich et al. (2017) ; we include them in our analysis for consistency with other MSFRs, but this increases the predicted ionizing photon rate and stellar luminosity by just ∼2% and ∼10%, respectively.
• The Trifid Nebula: The Trifid Nebula (M20) is an active star-forming region near the Galactic center, and harbors one of the youngest known star clusters (Cernicharo et al. 1998; Rho et al. 2008 ). The ionization of the H ii region is dominated by HD 164492, a multiple star system composed of O7 V, B6 V, A2 Ia, and possibly a Be star (Rho et al. 2004 (Rho et al. , 2006 . A blue reflection nebula can be seen at optical wavelengths ∼10 north of HD 164492. The distance to the Trifid Nebula is still debated, with estimates ranging from 1.67 kpc (Lynds et al. 1985) to 2.8 kpc (Kohoutek et al. 1999) , and even shorter distances (816 pc and 1093 pc) were estimated by Kharchenko et al. (2005) . Using Gaia parallaxes, we estimate a distance to the Trifid Nebula of 1.57±0.21 kpc, and find a bolometric luminosity of (3.7±1.1)×10 5 L and an ionizing photon rate of (1.5±0.4)×10 49 s −1 from the Planck observations. These estimates exceed the predicted N C and L from the observed stellar population by more than a factor of two. Our estimated distance to the Trifid Nebula may be an overestimate, especially since it is derived from measurements of a single star. Although Povich et al. (2017) identify three new OB candidates in the vicinity of the Trifid Nebula, these stars are likely too far from the nebula to contribute significantly to the observed luminosity or ionizing photon rate from the region.
• W42: W42 is an obscured giant H ii region (also known as G25.38-0.18) with a projected location toward the near end of the Galactic central bar. We adopt a distance to the W42 complex of 2.2 kpc, which was inferred by Blum et al. (2000) assuming that the principal ionizing star is a zero-age main sequence O5-6 V. This is considerably closer than the kinematic distance estimate of ∼3.7 kpc (Anderson & Bania 2009 ), but the larger distance would make our measured luminosity inconsistent with the cataloged massive stellar population. Spitzer imaging has revealed a bipolar nebula several parsecs wide. The evolved, supermassive cluster RSGC1 (Figer et al. 2006 ) is located near the end of the bar, at a significantly larger distance than W42 but with a projected separation only 6.8 to the southeast (RSGC1 appears as the cluster of bright, blue stars to the lower-right of W42 in Figure ? ?). We therefore only measure the radio flux towards W42 at 100 GHz and 70 GHz, and assume a spectral index of -0.1. Only the normalization is used to estimate N C . Assuming the W42 H ii region is ionized principally by a O5 V star with a contribution from a B0 V star (Blum et al. 2000) , we estimate a Lyman continuum flux N C = 1.7 × 10 49 s −1 . This means ∼100% of the emitted stellar luminosity is reprocessed by dust.
• NGC 7538: NGC 7538 in the Perseus spiral arm is an H ii region that has been well mapped across multiple wavelength regimes, from the optical to the submillimeter (Momose et al. 2001; Ungerechts et al. 2000; Yao et al. 2000; Campbell & Persson 1988; Balog et al. 2004 ). VLBA observations of 12 GHz methanol masers were used to determine a distance to NGC 7538 of 2.65 +0.12 −0.11 kpc (Moscadelli et al. 2009 ). The region can be divided into multiple prominent centers for star formation activity, aligned from northwest to southeast. It hosts massive stars and young stellar objects in a variety of early evolutionary stages, including at least eleven high-luminosity infrared sources (NGC 7538 IRS 1-11 Kameya et al. 1990 ). The northwest region contains IRS 4-6 and corresponds to the optical H ii region; IRS 6, an O6-7 star, is likely the principal source of ionizing photons for this region (Wynn-Williams et al. 1974; Moreno & Chavarria-K. 1986; Ojha et al. 2004 ). The most extensive, current star-forming activity is likely occurring in the central region, which surrounds IRS 1-3 (Ojha et al. 2004 ). The principal star in this region is IRS 2, which is thought to be either an O5 V (Ojha et al. 2004; Luisi et al. 2016) or O3 V (Puga et al. 2010); we adopt the O5 V type. From the known stellar population of NGC 7538, we estimate N C = 4.7 × 10 49 s −1 .
• W4: The W4 H ii region is an example of a candidate Galactic chimney powered by the massive star cluster OCl 352 (Normandeau et al. 1996) . The chimney is thought to have formed from a superbubble powered by the central star cluster (Basu et al. 1999) . Terebey et al. (2003) found a swept-up, inhomogeneous and partially ionized shell of gas and dust surrounding OCl 352; an ionized halo provides direct evidence of significant Lyman continuum leakage. Before extracting a surface brightness profile and performing aperture photometry on this region, we first masked out the circular aperture region for W3.
• The Eagle Nebula: The Eagle Nebula (M16) is located in the Sagittarius-Carina. We estimate a distance to the Eagle Nebula of 1.71±0.18 kpc from Gaia parallaxes, consistent with the distance of 1.75 kpc found by Guarcello et al. (2007) . The H ii region is powered by the NGC 6611 cluster, which contains numerous OB stars and is largely concentrated within the central cavity of the molecular cloud (Dufton et al. 2006) . We cannot rule out the possibility that supernovae have already occurred in the region (Flagey et al. 2011) . We estimate an ionizing photon rate N C of (1.6±0.4)×10 49 s −1 from the Planck observations, in agreement with previous 15.4
GHz observations by Felli & Churchwell (1970) . Using only the previously cataloged OB stars associated with NGC 6611 yields L TIR /L ≈ 0.56, which seems reasonable given the morphology of the nebula, with its large, open cavity and famous, visibly-revealed pillars. Povich et al. (2017) identify seven X-ray emitting candidate OB stars associated with the Eagle Nebula. Some of these candidates are likely unassociated contaminants; specifically, Eagle-1, 3, and 7 from Povich et al. (2017) are located at large off-axis angles and corresponding large PSFs in the Chandra imaging, making mismatches with field giants likely. We therefore only include four of the seven (Povich et al. 2017 ) OB candidates in our analysis. This increases the ionizing photon rate to N C = 4.3 × 10 49 s −1 . We therefore assume that these stellar candidates do indeed contribute to the ionization of the Eagle Nebula, and include them in our analysis.
• W33: W33 is located in the inner Galactic Plane at a distance of ∼2.4 kpc (Immer et al. 2013 ). Haschick & Ho (1983) discovered an obscured proto-cluster containing a number of late-O to early-B stars through radio observations, and recently Messineo et al. (2015) presented a near infrared spectroscopic survey of bright stars in the region. We measure a radio spectral index α = −0.09 ± 0.01, consistent with thermal free-free emission. PSR J1813-1749, one of the youngest and most energetic pulsars in the Milky Way (Halpern et al. 2012) , is found to be in close proximity (in projection) to W42, as is the associated pulsar wind nebula HESS J1813-178 (Helfand et al. 2007; Messineo et al. 2008) . However, the lack of evidence for non-thermal contamination in the radio continuum suggests that this pulsar is unlikely to be significantly interacting with W42. From the known massive stellar population of W33, we estimate N C = 1.1 × 10 50 s −1 . The dust-processed luminosity measured from our SED modeling is L TIR = (1.2 ± 0.3) × 10 6 L , consistent with the ∼8 × 10 5 L estimated by Immer et al. (2014) . The ionizing photon rate from the radio observations is ∼43% the value expected from the known massive stars in the region, while we estimate ∼60% of the emitted stellar luminosity is reprocessed by the dust.
• RCW 38: The RCW 38 cluster is a relatively nearby (1.7±0.9 kpc; Schneider et al. 2010 ) site of active high-mass star formation containing more than a thousand members (Wolk et al. 2006) . Using a combination of X-ray, infrared, and radio observations, Wolk et al. (2006) identified 31 candidate OB stars, four of which are likely earlier than B2. Two additional OB candidates were found in Povich et al. (2017) , but are consistent with ∼B2 V stars and therefore have minimal impact on the energy budget of the region. The energy output of the associated cluster is dominated by the bright source IRS 2, which is a likely O5-O5 binary (DeRose et al. 2009 ). Additional OB star candidates (Wolk et al. 2006, their Table 13 ) are significantly fainter, with luminosities corresponding to ∼O9.5 or later. Based on these OB candidates, we include two O9.5 stars (their sources 112 and 251) and one B2 star (their source 396), although these are unlikely to have a significant impact on the derived L and N C values for the region. Given the young age of RCW 38 (≤1 Myr), we assume all stars are on the main sequence. This yields N C =3.5×10 49 s −1 . We measure an ionizing photon rate N C of (2.6±0.1)×10 49 s −1 from the Planck observations.
• W3: W3 is a prominent MSFR that has undergone at least three episodes of recent star formation. The sequential star formation observed in W3 may have been triggered by the expansion of the neighboring W4 H ii region Thronson et al. 1985) . VLBI parallaxes to H 2 O masers by Hachisuka et al. (2006) place the region at a distance of 2.04 kpc; this is consistent with our distance estimate from Gaia parallaxes of 2.18±0.12 kpc. We measure a thermal radio spectral index, in contrast to the 0.7-6 cm radio continuum measurements of the W3 hypercompact H ii region by Wilson et al. (2003) , who found significant departures from thermal free-free emission and suggested a synchrotron origin for the radio emission. An estimate of the ionizing photon rate of 1.4 × 10 49 s −1 from previous radio continuum measurements can be inferred from Wilson et al. (2003) , which broadly agrees with the N C = (2.9 ± 0.2) × 10 49 s −1 we measure from Planck observations. The stellar content of this region is summarized in Navarete et al. (2011) and Povich et al. (2017) ; using the known stellar content of W3 yields an expected Lyman continuum photon rate of 4.5 × 10 49 s −1 . Five additional spectroscopically confirmed or candidate OB stars were identified by Kiminki et al. (2015) and Povich et al. (2017) ; when these stars are included, the Lyman continuum rate increases to N C = 5.9 × 10 49 s −1 and the stellar luminosity is L = 1.7 × 10 6 L . These estimates suggest that ∼82% of the emitted stellar luminosity is reprocessed by dust in the region, a number that likely reflects a mixture of the stellar contributions from the highly-embedded W3 Main cluster, which dominates the IR SED, and the adjacent, unobscured IC 1795 association.
• NGC 3576: NGC 3576 is an optically faint H ii region (Goss & Radhakrishnan 1969) , powered by an apparently embedded massive stellar cluster (5.4×10 3 M ; Figuerêdo et al. 2002; Maercker et al. 2006) . It sits ∼30 west of NGC 3603 but at significantly closer distance -we estimate a distance of 2.77±0.31 kpc from Gaia parallaxes, consistent with the ∼2.8 kpc found by de Pree et al. (1999) -so the two regions are likely associated with different spiral arms. Despite its numerous cluster members, Figuerêdo et al. (2002) and Barbosa et al. (2003) have noted the currently known OB star content is insufficient to account for the strength of the radio emission from NGC 3576. A strong, north-south outflow has been observed in both radio and Hα observations of the region (de Pree et al. 1999; Muller et al. 1998) . The angular separation between NGC 3576 and NGC 3603 is less than the beam size FWHM of Planck at low frequencies, leading to significant confusion when measuring the radio spectral index. We therefore fix the radio spectral index α to the thermal value of -0.1 for both regions. There is a nearby young pulsar PSR J1112-6103 (Manchester et al. 2001) ; although its distance is not known, its apparent placement within an infrared bubble extending northward from NGC 3576 and the apparent filling of this cavity with hard X-rays (Townsley et al. , 2014 suggests a possible cavity supernova remnant. Previous radio measurements by Goss & Shaver (1970) suggest an ionizing photon rate 1.6×10 50 s −1 , significantly higher than the ∼4×10 49 s −1 implied by our Planck measurements; it is possible the Goss & Shaver (1970) estimates at 5 GHz suffered from contamination from the nearby pulsar. The known stellar content of NGC 3576 (Skiff 2009; Wenger et al. 2000; Maíz Apellániz et al. 2016) can only account for roughly half the measured L TIR . Six additional candidate OB stars were found by Povich et al. (2017) . Including these stars brings our estimates of both N C /N C and L TIR /L closer to values found for other regions, but is still insufficient to explain the radio and infrared observations of the H ii region. It is therefore likely that several important ionizing stars within the NGC 3576 cluster have yet to be identified, equivalent to ∼4 canonical O5 V stars. Due to the incompleteness of the known stellar content, we do not include this region in the portions of our analysis that require reliable estimates of the stellar content, and we cannot estimate f C,abs .
• NGC 6334: NGC 6334 (the Cat's Paw Nebula) is a site of extensive and rapid star formation at a distance of 1.63±0.16 kpc (from Gaia parallaxes) in Scorpious. It is connected by a long, dusty filamentary structure to NGC 6357 (Russeil et al. 2010 (Russeil et al. , 2012 , and the multiple-component giant H ii region complex is powered by several massive young stellar clusters, most of them obscured by or embedded within a long, dusty filament oriented parallel to the Galactic midplane (Persi et al. 2000) . Hot, X-ray emitting gas pervades the giant H ii region, with a large bipolar outflow that shows a striking correlation with the bubble structures revealed by Spitzer (Townsley et al. 2014) . Using only the previously cataloged OB stars associated with NGC 6334 yields a Lyman continuum comparable to the value measured from the radio continuum observations but fails to produce a stellar luminosity comparable to the observed bolometric luminosity of the H ii region by a factor of ∼5. When the ten OB candidates found in Povich et al. (2017) are included, the ionizing photon rate becomes N C = 1.1 × 10 50 s −1 , which reduces the N C /N C to ∼0.7 and gives L TIR /L ∼ 2.3. The OB candidates therefore help move the energy budget in NGC 6334 in the direction of balance, but additional ionizing stars (or reclassification of the principal ionizing stars to earlier spectral types) are clearly required to explain the bolometric luminosity. We therefore exclude NGC 6334 from the parts of our analysis that require knowledge of the stellar content. The N C /N C ratio would be driven lower by the discovery of additional ionizing stars, meaning that significant absorption of Lyman continuum photons by dust is likely.
• G29.96-0.02: G29.96-0.02 is an ultracompact H ii region complex (Wood & Churchwell 1989; Cesaroni et al. 1994; De Buizer et al. 2002) with active, ongoing star formation (Beltrán et al. 2013) . There is disagreement on the distance to the H ii region; following Beltrán et al. (2011) we adopt a distance of 6.2 kpc, although Pratap et al. (1999) have estimated distances from 4.2 to 9 kpc. Townsley et al. (2014) found, surprisingly, large-scale diffuse X-ray emission surrounding the embedded massive young cluster, indicating that the young massive stars in the cluster are beginning to pierce their natal cloud and affect the surrounding hot ISM. Although only one massive star is bright enough in the infrared to have its spectral type estimated (equivalent of an O5-6 dwarf, Watson & Hanson 1997; Martín-Hernández et al. 2003) , models of the G29.96-0.02 region indicate that a cluster of young stars must be present to account for its observed luminosity (Lumsden et al. 2003) . The predicted Lyman continuum flux was estimated by Beltrán et al. (2013) to be 1.08×10 50 s −1 from SED models of Herschel data alone. The lone catalogued star in the G29.96-0.02 cluster (which we assume has a spectral type O5) cannot provide the bolometric luminosity (L TIR ∼ 4 × 10 6 L ); we estimate L TIR /L ∼ 5.4 (Table 4) . Even assuming a closer distance to the H ii region of 4.2 kpc (Pratap et al. 1999) would not resolve the discrepancy. The missing stellar input luminosity is equivalent to ∼20 or ∼7 canonical O5 V stars assuming distances of 6.2 kpc or 4.2 kpc, respectively. Given the obvious incompleteness of the stellar content, we exclude this region from the portions of our analysis that require reliable estimates of the massive stellar content.
• NGC 6357: NGC 6537 appears to be associated with the same giant molecular cloud complex as NGC 6334 (Russeil et al. 2010) ; our distance estimate of 1.78±0.18 kpc from Gaia parallaxes supports this picture. At least three massive, young stellar clusters have blown parsec-scale H ii region bubbles through the large NGC 6357 molecular cloud complex, and a prominent 60 diameter shell can be seen opening away from the Galactic plane in Hα (Lortet et al. 1984; Cappa et al. 2011 ). This shell can be interpreted as a proto-superbubble, blown by a now-dissolved older stellar cluster and supernovae that resulted from its most massive stars (Wang et al. 2007; Townsley et al. 2014) . The presence of diffuse X-rays and a Wolf-Rayet star within the Hα shell supports this interpretation. Using only the previously cataloged OB stars associated with NGC 6357 yields an ionizing photon rate of 2.7×10 50 s −1 ; this is comparable to previous estimates of (1.4-3.3)×10 49 s −1 based on the stellar content from Cappa et al. (2011, and references therein) . Povich et al. (2017) identified twenty candidate OB stars belonging to NGC 6357, twelve of which have been spectroscopically confirmed as massive stars. When these new stars are included, L increases by ∼40%. We find that ∼ 61% of the emitted stellar luminosity is reprocessed by local dust.
• M17: M17 (also known as the Omega or Swan Nebula) is one of the brightest infrared and radio sources in the sky, comparable in both brightness and age to the Orion Nebula (Povich et al. 2007; Getman et al. 2014 ), but ∼5 times more distant (Xu et al. 2011, and this work) . The H ii region is ionized by the open cluster NGC 6618, which contains over 100 OB stars (Lada et al. 1991) including at least four O4 V stars (Chini et al. 1980; Hoffmeister et al. 2008) . The H ii region forms a blister erupting from the side of the giant molecular cloud M17 SW. Bright, "V"-shaped nebular bars of ionized gas and dust surround the central cluster (Povich et al. 2007) , and the cavity between the bars is almost completely evacuated and filled with X-ray emitting plasma that exits the eastern opening in a "champagne flow" (Townsley et al. 2003 (Townsley et al. , 2014 ). An older stellar association containing O and B-type (super)giants has produced a large, diffuse H ii region, M17 EB, immediately to the north of M17 (Povich et al. 2009 (Povich et al. , 2017 . Using only the previously cataloged OB stars associated with M17 would give N C = 2.2 × 10 50 s −1 . Three additional OB candidates found in Povich et al. (2017) had spectral types earlier than B2 confirmed with follow-up spectroscopy; we include these candidates for completeness, but their impact on the derived N C and L are minimal.
• G333: Despite being one of the brightest MSFRs regions in the southern sky at long wavelengths, the G333 complex is almost completely obscured at optical wavelengths (Rank et al. 1978) . It hosts a compact, young massive star cluster within its core-halo structure (Aitken et al. 1977; Retallack & Goss 1980; Fujiyoshi et al. 2005) . We performed aperture photometry on the three brightest embedded H ii regions in the G333 complex. More than 500 additional X-ray sources have been found in the regions surrounding the young cluster, and diffuse X-ray emission pervades the entire region (Townsley et al. 2014) . Fujiyoshi et al. (2005) undertook a broadband, near-infrared imaging study of G333.6-0.2; however, spectroscopic observations are needed to securely identify the spectral types of the stars. The luminosity of of the G333 complex is equivalent to fifteen O5 V stars, which would yield N C /N C ∼ 0.44, consistent with the other MSFRs in our sample. Due to the ambiguity in the stellar population, we assume five O5 V equivalents in Table 4 (Fujiyoshi et al. 2005) , and do not include the G333 complex in the portions of our analysis that require reliable estimates of the stellar content. Townsley et al. (2014) note the remarkable similarity between the embedded cluster in G333.6-0.2 to the one found in NGC 3576, including the strong extinction gradient (A V ∼ 12-36 mag), the "champagne flow" of diffuse X-ray emission spilling from the central cluster and eroding the natal cloud, and the "distributed" population of stars around the central embedded cluster that likely formed during a previous episode of star formation within the cloud. The evident erosion of the surrounding molecular cloud is consistent with our finding that approximately half of the stellar luminosity escapes from this apparently embedded cluster. It is possible that the H ii region forms a blister that faces away from Earth, and we have a disadvantaged sightline from behind the remaining molecular cloud.
• W43: W43 is a highly-obscured (A V ∼ 30 mag, Blum et al. 1999) , giant H ii region at a heliocentric distance of 5.5 kpc (based on VLBI parallaxes of masers toward the region Zhang et al. 2014 , and/or supernova remnants may contribute to the high-energy and radio synchrotron emission (Romero et al. 2007) . Spectroscopic studies by Blum et al. (1999) and Luque-Escamilla et al. (2011) have identified the most luminous star in W43 is a WN7 + O4 III binary; the central cluster also contains an O3.5 V + O4 V binary and an O3.5 III star. Six later-type OB giant stars and three Wolf-Rayet stars are also listed in the SIMBAD database (Wenger et al. 2000) and included in our analysis. The stellar content of W43 hence produces an estimated N C ∼4.0 × 10 50 s −1 and L = 7.1 × 10 6 L . Our radio continuum measurements yield an N C value ∼40% higher than the expected stellar Lyman continuum rate.
• RCW49: RCW 49 (NGC 3247) is a luminous Southern Galactic H ii region (Paladini et al. 2003) ionized by the very massive, compact cluster Westerlund 2. Wd 2 contains dozens of O stars (Wenger et al. 2000) . The distance to the region has been a subject of historical debate, with estimates ranging from 2.3 kpc (Brand & Blitz 1993; Whiteoak & Uchida 1997) to 7.9 kpc (Moffat et al. 1991) . Radio recombination line observation toward RCW 49 indicate a kinematic distance between 2.2-5.8 kpc (Wilson et al. 1970; Caswell & Haynes 1987) . Recent studies of the stellar content using the Hubble Space Telescope (VargasÁlvarez et al. 2013; Zeidler et al. 2015) have converged near the ∼4.0 kpc distance adopted by Churchwell et al. (2004) . Using Gaia DR2 parallaxes, we estimate a distance to RCW 49 of 4.4 kpc (albeit with a large uncertainty, ∼1.0 kpc). Spitzer images of the region reveal a complex nebular structure filaments, knots, pillars, and bow shocks (Churchwell et al. 2004) . The large bubble surrounding Wd 2 has been almost entirely evacuated of dust and gas by the winds and radiation of massive stars, while a second cavity to the southwest contains the massive eclipsing binary system WR 20a. We measure an ionizing photon rate of 2.4×10 50 s −1 from the Planck 30-100 GHz observations. We use the spectral classifications from VargasÁlvarez et al. (2013) and Moffat et al. (1991) to estimate N C = 5.6 × 10 50 s −1 and L = 10 7 L . These estimates include the massive Wolf-Rayet binary system WR20 which, although technically not part of the Wd 2 cluster, is likely to contribute significantly to the energy budget of RCW 49.
• G305: The G305 complex is located a distance of 3.59±0.85 kpc (estimated from Gaia parallaxes, which is consistent with ∼4 kpc from Clark & Porter 2004) in the Scutum-Crux spiral arm. It consists of several giant and compact H ii regions, and one ultracompact H ii region (Hindson et al. 2013) powered by the open clusters Danks 1 and 2, and the Wolf-Rayet star WR 48a (Danks et al. 1984) . The ionizing stars located in Danks 1 and 2 are driving the expansion of a large cavity into the surrounding molecular cloud, and ongoing star formation occurs along the rim of this cavity (Clark & Porter 2004; Davies et al. 2012) . Numerous Wolf-Rayet stars are found in these very rich clusters. We measure N C = (2.0 ± 0.3) × 10 50 s −1 from the Planck observations, in good agreement with the 5.5 GHz measurement of 2.4 × 10 50 s −1 from Hindson et al. (2013) . The cataloged massive stellar population (Davies et al. 2012 ) provides N C = 2.9 × 10 50 s −1 and L = 6.7 × 10 6 L , which can account for the observed radio emission but not our the total infrared luminosity. Given the likely incompleteness in the stellar content of G305, it is not included in portions of our analysis requiring reliable N C and L .
• W49A: W49A is the most distant (∼11.4 kpc; Gwinn et al. 1992 ) MSFR in our sample, and also one of the most luminous and massive (L > 10 7 L and M ∼ 10 6 M Ward- Thompson & Robson 1990; Sievers et al. 1991 ). The region is undergoing vigorous star formation (Roberts et al. 2011) . W49A is optically obscured (A V > 20 mag, Alves & Homeier 2003; Homeier & Alves 2005) , surrounded by both local molecular cloud material (Mufson & Liszt 1977; Simon et al. 2001) and additional clouds associated with the Sagittarius spiral arm, which crosses the line-of-sight to the region twice (Plume et al. 2004) . Roughly one hundred O star candidates have been identified in W49A (Alves & Homeier 2003; Homeier & Alves 2005) , and a recent spectroscopic survey by Wu et al. (2016) confirmed spectral classifications for 22 massive stars and young stellar objects that are members of the central cluster. We measure N C ∼ 3.8 × 10 50 s −1 from the Planck observations, marginally lower than previously reported values (9.8 × 10 50 s −1 and ∼10 51 s −1 by Kennicutt 1984 and Gwinn et al. 1992, respectively) . We use the spectroscopically identified massive stars from Wu et al. (2016) , as well as additional massive stars listed in SIMBAD (Wenger et al. 2000) for our analysis. The bolometric luminosity inferred from our SED modeling (L TIR ∼ 1.6 × 10 7 L ) is ∼48% higher than the expected integrated stellar luminosity, a discrepancy equivalent to ∼17 missing canonical O5 V stars. Given the evident incompleteness of the massive stellar census our estimated N C /N C = 0.63 is an upper limit. Galván-Madrid et al. (2013) inferred a large ionizing photon leakage rate, but we caution that this would require the addition of an even larger number of new ionizing stars, given the high dust-reprocessed luminosity of the region. Due the incomplete census of massive stars in W49A, we exclude this region from portions of our analysis requiring reliable estimates of the massive stellar content.
• The Carina Nebula: The Carina Nebula is one of the most famous and active regions of star formation in the Milky Way, containing more than 200 massive OB stars (Gagné et al. 2011) , over 1,400 young stellar objects (Povich et al. 2011) , and >10 4 cataloged stellar members (Broos et al. 2011b,a) . Smith (2006) took a direct census of the energy input from the known OB stars in the Carina Nebula, while Smith & Brooks (2007) examined the global properties of the surrounding nebulosity, and recently Alexander et al. (2016) (Duncan et al. 1995; Damineli et al. 2000; Corcoran 2005 ). At present times, the dense, optically thick stellar wind (Hillier et al. 2001; Smith et al. 2003a ) and surrounding dusty Homunculus nebula absorbs nearly all ionizing radiation from η Car itself and processes it into infrared radiation (Cox et al. 1995; Smith et al. 2003b ). However, before entering its current evolutionary phase, η Car likely contributed ∼20% of all UV radiation to the Carina complex (Smith 2006; Smith & Brooks 2007) . Following Smith (2006) , we assume an O5 V spectral type for the η Car companion. In addition to η Car, three WNL stars reside in Tr 16; when on the main sequence, these three stars plus η Car presumably had O2 spectral types, which contributed significantly to the ionization of the Carina complex over the 2- Alexander et al. 2016) , including Tr15-18, which we assume has a spectral type O8 I. Bo 10 and 11 are relatively meager clusters, each containing a handful of stars. Most notable is the Wolf-Rayet star HD 92809 in Bo 10, and HD 93632 in Bo 11, which has a spectral type of O4.5 III.
Using Gaia parallaxes, we find the distance to the Carina Nebula to be 2.69±0.40 kpc. For the current state of the Carina Nebula, (Smith & Brooks 2007 ) estimate a total Lyman continuum photon rate of 9×10 50 s −1 , in excellent agreement with our own estimate of N C = 9.4 × 10 50 s −1 using the updated spectroscopic and photometric results from Alexander et al. (2016) . Our measured bolometric luminosity of the Carina Nebula, L TIR = (1.8 ± 0.5) × 10 7 L is in good agreement with the Smith & Brooks (2007) value of ∼1.2 × 10 7 L , and accounts for ∼77% of the known stellar luminosity. The radio continuum from the Planck 30-100 GHz observations predicts a marginally lower ionizing photon rate than previously reported, N C = (2.9 ± 0.3) × 10 50 s −1 . Multiple, independent lines of evidence indicate that supernovae have already occurred in the Carina Complex, including the discovery of a neutron star (Hamaguchi et al. 2009 ), a depleted upper IMF in Tr 15 (Wang et al. 2011) , and the high luminosity of the diffuse X-ray emission filling the Carina H ii region . Note that we have assumed that η Car contributes nothing to the present-day N C , but in reality any Lyman continuum photons emitted by the LBV and its companion that are reprocessed by the Homunculus will be included in our measured L TIR .
• W51A: The W51 giant molecular cloud complex located in the Carina-Sagittarius spiral arm consists of numerous bright, extended infrared and radio sources (Kumar et al. 2004) . We focus on the W51A H ii region, which is the site of one of the most spectacular examples of recent massive star formation in the Galaxy. Just the principal massive young embedded stellar cluster, G49.5-0.4, contains >30 O stars (Okumura et al. 2000) . We adopt a distance of 5.1 +2.9 −1.4 kpc based on maser parallax measurements by Xu et al. (2009) , which is a high relative uncertainty for a parallax distance. Spectrophotometric distances of O stars by Figuerêdo et al. (2008) imply a considerably closer distance, 2.0 ± 0.4 kpc, while kinematic distance estimates (Conti & Crowther 2004; Russeil 2003) give ∼5.5 kpc, consistent with the maser parallax. Figuerêdo et al. (2008) estimate their cataloged massive stars produce an ionizing photon rate of 1.5×10 50 s −1 . We further include the spectroscopically cataloged massive stars from Okumura et al. (2000) in our analysis, which increases N C to 4.3×10 50 s −1 and L to 9.1×10 6 L . The bolometric luminosity of the W51A H ii region is a factor of ∼2 higher than predicted for the cataloged stellar population, or ∼30 O5 V star equivalents. Given the distance uncertainty and likely incompletely cataloged stellar population in W51A, we do not include W51A in our analysis.
• NGC 3603: NGC 3063 is a giant H ii region located in the Galactic plane. The dense cluster and surrounding nebula bear a striking morphological similarity to R136 in the 30 Doradus region of the Large Magellanic cloud, and, along with W49A, NGC 3603 is frequently noted as one of the most massive H ii regions in the Milky Way (Eisenhauer et al. 1998) . Although near on the sky to NGC 3576, is it much more distant, at 7 kpc from the Sun (Moffat 1983; Moffat et al. 1994; Drissen et al. 1995; Brandl et al. 1999) . We use the spectroscopic classifications from Melena et al. (2008) and Crowther & Dessart (1998) to estimate N C = 1.4×10 51 s −1 and L = 2.3×10 7 L . Due to confusion with NGC 3576 at low Planck frequencies, we assume a (fixed) radio spectral index α = −0.1 in our SED modeling and estimate N C from the 100 GHz and 70 GHz frequencies only. Simultaneously modeling the Herschel SPIRE and Planck observations allows us to decompose the relative contributions from dust and the free-free continuum at these frequencies. NGC 3603 is the most luminous MSFR in our sample, and we find L TIR /L ∼ 100%. Given that the nebular morphology reveals at least one narrow, blowout channel toward the northwest (Figure ? ?), it is likely that some fraction of the stellar luminosity does escape the region, so there may be additional massive stars or unresolved binary systems remaining to be classified in this very rich cluster.
B. SUPPLEMENTAL TABLES
We provide a summary of the second-best fit SED models for each region (Table 7 ) and the fluxes measured through our aperture photometry (Table 8 ; available electronically from the journal). Note-The remainder of this table is available in the electronic journal.
